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(57)Abstract: 

PROBLEM TO BE SOLVED: To accomplish both of a low rolling 
resistance characteristic and an excellent discharging characteristic to a 
road surface by providing tread under cushion rubber with a specific 
thickness, a specific width, and rubber physical properties showing tan 8 
and volume resistivity within specific ranges at a specific temperature and 
providing high conductivity rubber with rubber physical properties showing 
volume resistivity within a specific range at a specific temperature. 
SOLUTION: In this pneumatic tire, a tread part is provided with a 
composite rubber layer constructed of tread rubber consisting of low 
conductivity rubber on the tire radial outside, sheet type tread under 
cushion rubber consisting of high conductivity rubber on the tire radial 
inside, and a high conductivity rubber layer extended radially from the 
cushion rubber to the tread part surface. The tread under cushion rubber 
is provided with a thickness of 0.2-1 .0 mm, a width of 70% or more of the 
tread rubber inside face width, and rubber physical properties showing tan 
5 of 0.15-0.25 and volume resistivity within a range of 105-109 flcm at 
25° C. The high conductivity rubber layer is provided with rubber physical 




properties showing volume resistivity within a range of 105-106 Q.cm at 
25° C. 
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' * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The bead section of a couple, and the sidewall section of a couple. The belt which consists of a rubber 
covering code intersection layer more than the carcass which consists of a rubber covering code layer of one or more 
plies which has the tread section which stands in a row in both the sidewall section, and reinforces these each part, and 
two-layer [ which strengthen the tread section ]. It is the pneumatic tire equipped with the above, the tread section The 
tread rubber which consists of low conductive rubber of a tire radial outside, and the sheet-like tread undershirt cushion 
rubber which consists of high conductive rubber of the tire radial inside, It has a compound rubber layer with the high 
conductive rubber layer prolonged in the radiation direction from this tread undershirt cushion rubber to a tread section 
front face, a tread undershirt cushion rubber It has the thickness within the limits of 0.2- 1.0mm, and 70% or more of 
width of face of tread rubber inside width of face. And tandelta in 25 degrees C is within the limits of 0. 1 5-0.25. The 
volume resistivity (rho) in 25 degrees C is 105-109. A volume resistivity [ in / 25 degrees C / it has the rubber physical 
properties which are within the limits of omega-cm, and / in a high conductive rubber layer ] (rho) is 104-106. It is 
characterized by having the rubber physical properties which are within the limits of omega-cm. 
[Claim 2] A high conductive rubber layer is the pneumatic tire indicated to the claim 1 located in the central field of 
the tread section. 

[Claim 3] The pneumatic tire which the tread undershirt cushion rubber indicated to the claim 1 which consists of the 
same rubber as a high conductive rubber layer, or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a pneumatic tire and the pneumatic tire which 
can reconcile more low rolling-resistance nature and the effective electric discharge nature to the road surface of static 
electricity generated on vehicles especially about the radial-ply tire containing low rolling-resistance air in a detail. 
[0002] 

[Description of the Prior Art] Although it does not stop at vehicles and an electric-shock shock [ as opposed to crew in 
static electricity which carries out generating electrification into a passenger car, a truck, a bus, etc. especially ] but 
occasionally becomes the cause of the breakdown by spark discharge, or a vehicles fire, since static electricity 
generated on vehicles since the carbon black which is excellent in conductivity is usually blended with each part rubber 
used for a pneumatic tire so much discharges on a road surface through a tire, as for the above faults, not generating is 
common. 

[0003] however, not only the field of economical efficiency but the demand of the low rolling-resistance tire which 
increased also to the pneumatic tire also at the former since much more low mpg-ized request of vehicles was markedly 
alike, and mounted from a viewpoint of environmental preservation especially and it corresponded to this request has 
become strong recently It is in the inclination for the rubber which replaced the great portion of carbon black which has 
a disadvantageous high hysteresis-loss property for low rolling resistance by the silica of a low hysteresis-loss property 
to be positively adopted as the rubber which is mainly concerned with tread rubber as a leading solution means of this 
demand. 

[0004] or [ however, / decreasing carbon black loadings sharply ] - or the tread rubber which considered as the minute 
amount and blended a lot of silicas - an electric resistance value ~ large - going up - consequently, the increase of 
the amount of electrifications of static electricity of vehicles ~ the point - the anxiety of the breakdown by the 
described spark discharge or a vehicles fire arises, and the fault of a noise obstacle occurring in radio reception of the 
electric shock shock to a human body or vehicles loading, even if it does not die to there came to arise 
[0005] It is hard it saying as not necessarily thoroughgoing electrostatic-discharge meanses - if an electrostatic- 
discharge means contacted the duty which discharges static electricity a conductive material of vehicles and directly 
instead of the pneumatic tire between vehicles and the road surface prepares in vehicles, although it will end, if an 
electrostatic-discharge means is without noticing even if it loses the electric-discharge effect by attrition or breakage, 
when requiring the time and effort of exchange at attrition or every breakage, since it rubs against a road surface or 
collides each other, the above-mentioned problem will arise. Moreover, although a means to form the thin cement layer 
of high conductive rubber in a tread section front face is also tried, this reduces the productivity of a tire, and since the 
cement layer of the grounding section wears out as a run of a tire progresses, it lacks in the durability of high 
conductivity, and is only a temporizing-means. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, for the above-mentioned fault evasion (for example, JP,8-34204,A), 
while arranging the tread rubber of silica subject combination to the field except the central field of tread rubber, the 
application tire of the extrusion tread rubber which has arranged the high conductive rubber strip which becomes the 
conventional carbon black abundant combination to the central field is proposed. Since the high conductive rubber 
field combined with the base rubber which becomes the usual carbon black combination is prepared into tread rubber 
according to this proposal, the low rolling-resistance pneumatic tire which surely has the electrostatic-discharge effect 
can be offered. 

[0007] Moreover, JP,9-30212,A established the tread wing of high conductive rubber in low conductivity tread rubber 
both sides, respectively, the pneumatic tire with which the one side of it covers the shoulder field on the front face of a 
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tread, and each tread wing combines the other side with sidewall rubber was proposed, and JP,9-71 1 12, A has proposed 
the pneumatic tire equipped with the high conductive rubber member which combines with the high conductive rubber 
layer and this rubber layer of the tire radial inside of low conductivity tread rubber, and appears in one or more places 
in a tread rubber front face. 

[0008] in order [ however, ] to apply a high conductive rubber member to a part of tread rubber using as a low rolling- 
resistance tire the pneumatic tire which each aforementioned official report proposes by considering tread rubber as 
silica subject combination - high conductive rubber -- it has the problem which spoils the low rolling-resistance 
property of **** sharply with the high hysteresis-loss property of a member This is the problem on which raising 
cannot overlook a low rolling-resistance property to the present inclination demanded. In addition, the pneumatic tire 
described until now is mainly a radial ply tire. 

[0009] Therefore, invention indicated to the claims 1-3 of this invention aims at offering the pneumatic tire which can 
reconcile an advanced low rolling-resistance property and the good electric discharge property over a road surface, 
especially the radial-ply tire containing air, without [ without it spoils the workability of tire production, and ] giving 
large reconstruction to the conventional manufacturing facility, or establishing a manufacturing facility newly. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention indicated to the claim 1 of 
this invention The carcass which consists of a rubber covering code layer of one or more plies which has the bead 
section of a couple and the sidewall section of a couple, and the tread section that stands in a row in both the sidewall 
section, and reinforces these each part, In a pneumatic tire equipped with the belt which consists of a rubber covering 
code intersection layer more than two-layer [ which strengthens the tread section ] the tread section The tread rubber 
which consists of low conductive rubber of a tire radial outside, and the sheet-like tread undershirt cushion rubber 
which consists of high conductive rubber of the tire radial inside, It has a compound rubber layer with the high 
conductive rubber layer prolonged in the radiation direction from this tread undershirt cushion rubber to a tread section 
front face, a tread undershirt cushion rubber It has the thickness within the limits of 0.2-1 .0mm, and 70% or more of 
width of face of tread rubber inside width of face. And tandelta in 25 degrees C is within the limits of 0.15-0.25. The 
volume resistivity rho in 25 degrees C is 105-109. The volume resistivity [ in / 25 degrees C / it has the rubber physical 
properties which are within the limits of omega-cm, and / in a high conductive rubber layer ] rho is 104-106. It is the 
pneumatic tire characterized by having the rubber physical properties which are within the limits of omega-cm. 
[001 1] There are both sides of the case of the single tread rubber which becomes single combination composition, the 
case where may be compound rubber of the cap rubber and base rubber from which combination composition differs 
mutually, and any tread rubber equips the both sides with wing-like mini sidewall rubber, and the case where it does 
not have in the above-mentioned tread rubber, the single tread rubber and cap rubber of tread rubber ~ all - silica 
subject combination and a small amount of carbon black -- ** -- it is rubber in which it is blended and low conductivity 
is shown, and while considering base rubber and mini sidewall rubber as carbon black combination, they are rubber 
which reduces the loadings as much as possible, and has a low hysteresis-loss property and low conductivity 
[0012] In carrying out invention indicated to the claim 1, suitably, like invention indicated to the claim 2, a high 
conductive rubber layer is located in the central field of the tread section, and a tread undershirt cushion rubber consists 
of the same rubber as a high conductive rubber layer like invention indicated to the claim 3. The central field of the 
tread section points out the field which distributed 1/4 tread width of face at tire equatorial plane both sides, 
respectively here. 
[0013] 

[Embodiments of the Invention] Hereafter, the example of a gestalt of operation of the pneumatic tire of this invention 
is explained based on drawing 1 - dra win g 4 . Drawin g 1 is the left half-section view of the radial-ply tire containing 
air of this invention, drawin g 2 is the typical cross section of another example of the compound rubber in the tread 
section, drawing J3 is the typical cross section of the example of compound rubber other than the example of rubber 
shown in drawin g 2 , and drawin g 4 is the typical cross section of the example of rubber other than drawing 2 and the 
example of rubber shown in 3. 

[0014] In drawing 1 the radial-ply tire containing air (henceforth a tire) The bead section 1 (only one side is shown) of 
a couple, and the sidewall section 2 (only one side is shown) of a couple, The carcass 5 which consists of a rubber 
covering code layer of one or more (the examples of illustration are two plies) plies which reinforces the bead section 1 
of a couple, the sidewall section 2 of a couple, and the tread section 3 over between [ which has the tread section 3 
which stands in a row in both the sidewall section 2, and was laid underground in the bead section 1 ] bead core 4, It 
has the belt 6 which consists of a rubber covering code intersection layer more than two-layer [ which strengthens the 
tread section 3 ] (the example of illustration is two-layer). 

[0015] In the case of the tire for passenger cars, the ply codes of a carcass 5 are organic fiber codes, such as a nylon 
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code and a polyester code, and, in the case of the tire for a truck and buses, it is a steel code, and these plies code is 
covered with the high conductive rubber of the carbon black combination according to a practice, and let it be a carcass 
ply. The code of each class of a belt 6 is made into a steel code, and this steel code is also covered with the high 
conductive rubber of the carbon black combination according to a practice, it considers as the code layer of a belt 6, 
and the code of the layer which adjoins each other mutually is considered as the array which crosses mutually across 
the tire equatorial plane E. 

[0016] The tread section 3 has the compound rubber layer of the wing-like mini sidewall rubber 9 of the couple located 
in a tire radial (it abbreviates to radial henceforth) maximum outside at the both sides of cap rubber 7, the base rubber 8 
of the radial inside, and cap rubber 7 and base rubber 8, and the tread undershirt cushion rubber 10 inside [ radial ] base 
rubber 8. Let tread rubber be a rubber portion except the tread undershirt cushion rubber 10 here including mini 
sidewall rubber 9. 

[001 7] Since low rolling-resistance property exertion is a main role, base rubber 8 needs to stop and blend carbon black 
with the minimum, and cap rubber 7 is rubber which blended the silica of sufficient amount to demonstrate the rubber 
reinforcement effect of decreasing sharply the quantity of the loadings of the carbon black which has the conventional 
high hysteresis-loss property in order to demonstrate a low rolling-resistance property, and balancing the carbon black 
the quantity of was made decreasing, and, therefore, is low conductive rubber, moreover - the minimum carbon black 
combination since it is necessary to consider as the combination composition rubber which joins mini sidewall rubber 9 
to sidewall rubber 1 1, and is rich in crookedness-proof fatigue nature ~ carrying out ~ cap rubber 7 and base rubber 8 - 
- respectively --****-- it is different rubber 

[0018] Here, after appropriating only conventional carbon black for the rubber reinforcing agent, or mainly 
appropriating carbon black and considering as high conductive rubber, the tread undershirt cushion rubber 10 (a slash 
is attached by drawin g 1 ) shall have the thickness within the limits of 0.2-1 .0mm, and 70% or more of width of face 
Cw of the total width of face Tw of tread rubber here, and joins them to the maximum outside code layer of a belt 6 
directly. Moreover, for the tread undershirt cushion rubber 10, the volume resistivity [ in / 25 degrees C / tandelta in 25 
degrees C is within the limits of 0.15-0.25 as the rubber physical properties, and ] rho is 105-109. It shall be within the 
limits of omega-cm. 

[0019] Furthermore, the tread section 3 shall join to the tread undershirt cushion rubber 10, and shall be equipped with 
the narrow high conductive rubber layer 12 (a slash is attached by drawin g 1 ) prolonged in the radiation direction from 
this rubber to 3t of 3t of front faces of the tread section 3, i.e., a tread. For this rubber layer 12, the volume resistivity 
[ in / 25 degrees C of the high conductive rubber layer 12 / only the carbon black of predetermined loadings for 
example, 60 - 70 weight number of copies, is blended with a rubber reinforcing agent, and conductivity is raised, and ] 
rho is 104-106. It is within the limits of omega-cm. Moreover, as for direction thickness of the tire axis of rotation t of 
the high conductive rubber layer 12, within the limits of 0.1 -3.0mm suits. 

[0020] the rubber which constitutes the bead section 1, and a carcass 5 and a belt 6 - since each covering rubber 
consists of high conductive rubber, an electric resistance value is small through the tread undershirt cushion rubber 10 
between 3t of treads of the high conductive rubber layer 12 of the tread section 3 of a tire and the vehicles which were 
attached to the metal wheel, and static electricity therefore generated on vehicles discharges easily on a road surface 
through a tire 

[0021] On the other hand, within the limits of 0.15-0.25, since the value of loss tangent tandelta is small, it cannot spoil 
the rolling resistance of a tire so much, the tread undershirt cushion rubber 10 can fully harness the low rolling- 
resistance property of tread rubber, and it becomes possible to reconcile the low rolling-resistance property which was 
excellent in the tire, and sufficient electrostatic-discharge property of it. 

[0022] moreover, sheet-like rubber with the thin tread undershirt cushion rubber 10 ~ since it is a member — the time 
of tire manufacture — a rubber sheet member — rolling — high efficiency — easy — it can prepare — the time of tire 
molding of this rubber sheet member — the composition of a belt 6 — it will end, if the periphery of a member is made 
to rival, and the workability of tire manufacture is not spoiled remarkably since the tread undershirt cushion rubber 10 
can be extruded together with the high conductive rubber layer 12 so that the tread undershirt cushion rubber 10 can be 
made into the same rubber as the high conductive rubber layer 12 and may furthermore carry out the following in this 
case by this invention -- the above-mentioned rubber sheet -- since manufacture and attachment of a member become 
unnecessary, workability is boiled markedly and improves 

[0023] Moreover, the cap rubber 7, the base rubber 8, and the mini sidewall rubber 9 which are shown in drawing 1 
attach a small extruder in the extrusion head of extrusion equipment conventional triple (three sets) type. The non- 
vulcanized quantity conductive rubber used as the high conductive rubber layer 12 or the tread undershirt cushion 
rubber 10 of the same gum, and high conductive rubber 12 is supplied to this small extruder. This non-vulcanized 
quantity conductive rubber is extruded to one with the non-vulcanized low conductive rubber used as cap rubber 7, 
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base rubber 8, and mini sidewall rubber 9. If an extrusion tread is really [ this ] used as a molding member, neither 
large reconstruction of extrusion equipment nor KUODORUPPURU (four sets) extrusion equipment will be 
established newly, but ** will also end, and the need for large sum plant-and-equipment investment is [ nothing ] and 
is economical. 

[0024] The tread rubber which drawing 2 - drawing 4 show the tread rubber of the example which considered the tread 
rubber 7, 8, and 9 shown in drawing 1 as easier composition, and is shown in d ra wing 2 Are the example which set 
base rubber and the mini sidewall rubber of a couple to the same low conductive rubber 8A, and the tread rubber 
shown in drawin g 3 Are the example which excluded base rubber 8 and was made into single cap rubber 7 and the mini 
sidewall rubber 9 of a couple, and the tread rubber shown in drawing 4 It is the example made only into the single cap 
rubber 7 which excluded base rubber 8 and the mini sidewall rubber 9 of a couple, and the high conductive rubber 
layer 12 combined any example with the tread undershirt cushion rubber 10, and it has appeared in 3t of treads. 
[0025] In the case of the tread rubber 7 and 8A shown in drawin g 2 , the tread undershirt cushion rubber 10, and the 
high conductive rubber layer 12 With the case of the tread rubber 7 shown in drawi ng 3 , 9 tread undershirt cushion 
rubber 10, and the high conductive rubber layer 12 The rubber sheet member for the tread undershirt cushion rubbers 
10 which workability's improved when applying the unvulcanized rubber which united the whole with said triple type 
extrusion equipment with the equipment furnished with the small extruder, and was extruded on the occasion of 
molding, otherwise, was prepared independently is stuck at the time of molding. In case the tread undershirt cushion 
rubber 10 and the high conductive rubber layer 12 are the same gum, it ends with use of only conventional triple type 
extrusion equipment. 

[0026] the case of the tread rubber 7 shown in drawin g 4 , the tread undershirt cushion rubber 10, and the high 
conductive rubber layer 12 — use of triple type extrusion equipment -- ending — the rubber sheet for the tread 
undershirt cushion rubbers 10 - attachment of a member is unnecessary and comes out of the tread undershirt cushion 
rubber 10 and the high conductive rubber layer 12 enough by use of the same gum, then conventional dual extrusion 
equipment 
[0027] 

[Example] With the radial ply tire for passenger cars, sizes are 195 / 65R15. According to the place which shows the 
composition except tread rubber to drawing 1 , an example 1 the tread rubber 7, 8, and 9 and the high conductive 
rubber layer 12 which are shown in drawing 1 The example 2 applied the tread rubber 7 and 8 A shown in drawin g 2 , 
the tread rubber 7 and 9 an example 3 indicates the high conductive rubber layer 12 to be to drawin g 3 , the tread 
rubber 7 an example 4 indicates the high conductive rubber layer 12 to be to drawin g 4 , and the high conductive 
rubber layer 12, respectively. 

[0028] A gage is set to 0.3mm and it is referred to as width-of-face Cw=0.85xTw, and the tread undershirt cushion 
rubber 10 and the rubber of the high conductive rubber layer 12 are made into the same rubber, this rubber is rubber of 
the below-mentioned sign J, and the tread undershirt cushion rubber 10 is tandelta=0.22 and a volume resistivity rho= 
1.0x105. It is omega-cm. Thickness t of the high conductive rubber layer 12 could be 1.5mm. A carcass 5 is the rubber 
enveloping layer of the polyester code of 1670D/2 of two plies, and a belt 6 is the rubber enveloping layer of a two- 
layer steel code. 

[0029] in order to evaluate the effect of the tire of examples 1-4, the tire of the conventional examples 1-3 which are 
not equipped with the high conductive rubber layer 12 and the tire which are the conventional examples 4 and 5 which 
prepared the high conductive rubber layer between base rubber and 3t of treads were prepared The tire of the 
conventional examples 1-5 removes tread rubber, and is **. All others were doubled with the example. 
[0030] It is measurement of (i) rolling resistance, using the tire of examples 1-4, and the tire of the conventional 
examples 1-5 as a sample offering tire.; 

(ii) Measurement of the electric resistance value (omega) from the bead section 1 in 25 degrees C in a new article tire 
to 3 1 of tread section treads; 

(iii) tread rubber 50% - measurement [ of the electric resistance value (omega) from the bead section 1 in 25 degrees C 
of the tire at the time of wear to 3t of tread section treads ]; 

However, the above (ii) The electric resistance value (omega) of a term and (iii) a term is a value when measuring the 
electric resistance between a rim and a plate, after pressing the tire attached to the metal rim by the predetermined load 
on the metal plate. 

(iv) Workability evaluation; 

(v) Plant-and-equipment investment evaluation; 

It ******(ed). These (i) The result of - (v) is shown in Table 1 with the tread rubber composition of each sample 
offering tire, and the item of the high conductive rubber layer 12. 

[0031] In Table 1, the tread undershirt cushion rubber 10 was written as TUC rubber, and rolling resistance was 
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expressed with the coefficient, it was written as RRC, and this RRC was considered as the index display which sets the 
tire of the conventional example 1 to 100. Size I see of a value is good, moreover, workability evaluation and facility 
(investment) evaluation -- being bad - x mark -- being good -- O mark -- very much -- being good -- O mark indicated 
[0032] Moreover, in Table 1, Sign F is low hysteresis-loss low conductive rubber of silica combination, Sign G is low 
hysteresis-loss low conductive rubber of carbon black combination, and Signs H and J are high hysteresis-loss quantity 
conductive rubber of carbon black combination. Sign J is as above-mentioned rubber of tandelta=0.22, and 25-degree 
C volume-resistivity rho=lxl05 and cm. In addition, the cement of high conductive rubber which aimed at the 
conductive improvement described previously was applied only to the tire of the conventional example 2. the mini 
sidewall rubber applied to the tire of examples 1-3, and the tire of the conventional examples 1-5 ~ all the carbon black 
combination ~ it is the same rubber 
[0033] 
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[0034] the low rolling-resistance property that the tire of examples 1 and 2 does not change at all with the conventional 
example tire 1 from the result shown in Table 1 — having — few decreasing rates also with the tire of examples 3 and 4 
~ stopping — moreover — a new article tire and tread rubber 50% — it turns out that the good conductivity which does 
not change with the tire at the time of wear is shown, it compares with the conventional example tire, and coexistence 
with a low rolling-resistance property and the good electric discharge property over a road surface is attained 
Moreover, workability and the check result in respect of a facility also show the conventional example tire and the 
good result more than equivalent. 
[0035] 

[Effect of the Invention] According to invention indicated to the claims 1-4 of this invention, the pneumatic tire which 
can reconcile the outstanding low rolling-resistance property and the electric discharge property to a good road surface 
can be offered, without [ without it spoils workability, and ] being accompanied by large sum plant-and-equipment 
investment. 
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face width, and rubber physical properties showing tan a of 0.15-0.25 and 
volume resistivity within a range of 105-109 U.cm at 25° C. The high 
conductivity rubber layer is provided with rubber physical properties showing 
volume resistivity within a range of 105-106 U.cm at 25° C. 
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